Research into the evolution and pathogenesis of Vibrio cholerae has benefited greatly from 10 the generation of high throughput sequencing data to drive molecular analyses. The steady 11 accumulation of these datasets now provides a unique opportunity for in silico hypothesis 
Introduction 32
Since the completion of the first Vibrio cholerae genome sequence in 2000, over a 33 thousand V. cholerae isolates have been sequenced (1, 2). These sequences has allowed for 34 the development of sophisticated phylogeographic models, which emphasize the 35 importance of controlling the spread of virulent and antibiotic resistant V. cholerae strains 36 to lower disease burden, in addition to fighting endemic local strains (2-6). The integration 37 of hundreds of genomes paired with temporal and geographic information into ever 38 growing phylogenies enables analyses using selection models to predict future population 39 trends and derive biologically meaningful insights into V. cholerae evolution (7, has been successfully used to underscore biologically important genes and gene-gene 57 relationships via "guilt-by-association" approaches (22, 23). These studies have taken 58
advantage of larger and larger heterogeneous microarray datasets to provide novel 59 biological insights via existing data. 60
Despite major advances in sequencing technologies and research strategies, most of the 61 over two dozen existing RNA-seq experiments in V. cholerae have been limited to targeted 62 approaches that involve quantifying the differential abundance of genetic material across a 63 handful of conditions. Via these approaches, any change in expression observed in one 64 experiment is nearly impossible to generalize to other treatment conditions and analyses 65 are limited to a few pathways or genes of interest. In contrast, meta-analyses such as 66 expressing genes that provides both qualitative and quantitative information about 116 relationships between transcripts across forty-nine gene-clusters covering the entire V. 117 cholerae genome (Supp. Data S1-2). 118
119
Genes in known pathways cluster together and contextualize genes of unknown 120 function 121
As proof of the accuracy of our approach, we have highlighted four clusters that 122 recapitulate known interactions between transcripts involved in specific pathways or 123 cellular processes (Fig. 2) . The correct grouping of transcripts encoding products such as 124 ribosomal proteins, amino acid synthesis proteins, and tRNA transcripts that have largely 125 known functions and are involved in well-studied, highly conserved cellular processes 126 provides a positive control for the validity of our network clusters ( Fig. 2A-C) . Likewise, 127 the clustering of genes known to be involved in more specialized processes such as biofilm 128 formation ( Fig. 2D) further underscores the success of our approach. 129
The subnetworks mentioned above also support the utility of our analysis in powering 130 guilt-by-association based inference of gene function (30). Because each of these gene 131 clusters contain co-expressing genes that are involved in the same biological process, it can 132 be assumed that unannotated genes in the same cluster are likely involved in the same 133 process. Such links, while not definitive on their own, can be used with other data to hint at 134 gene functions. For example, genes with known function in Fig. 2D are primarily involved 135 in biofilm formation (31, 32). This clustering of biofilm genes suggests that the few genes 136 with no known function in this subnetwork may be involved in the same process. Two of 137 these unannotated transcripts, VC1937 and VC2388, are, per GO cellular componentlocation labels, "integral membrane components." Further, the VC2388 locus is directly 139 upstream of a Vcr084, a short RNA involved in quorum sensing which is essential for 140 biofilm formation (33). Taken together, this evidence suggests that VC1937 and VC2388 141 may play a role in some of the complex membrane restructuring necessary for biofilm 142 formation. In facilitating such guilt-by-association approaches to novel hypothesis 143 generation, our co-expression network serves as a highly efficient substitute for more 144 traditional screening assays. 145
146

A virulence subnetwork suggests novel gene functions 147
While the biofilm associated subnetwork presents a relatively simple example of the 148 functional insights our co-expression data can yield, the virulence-related subnetwork ( A major benefit of our approach is that we incorporate additional regulatory data such 168
as ChIP and Tn-seq into our co-expression analysis, allowing us to verify the association 169 between VCA0094-VCA0096 and virulence pathways using existing experimental data. Tn-170 seq analysis has previously identified VCA0094 and VCA0095 as essential for infection of a 171 rabbit intestine (14), suggesting that these loci play a role in virulence. Because transcripts 172 for these genes co-express with genes regulated by ToxT, ToxR, and H-NS, we also probed 173 We have successfully constructed the first V. cholerae co-expression network through a 222 computationally inexpensive process that is simple, easily expanded upon, and 223 straightforward to implement in other organisms. Our network effectively identifies 224 canonical gene clusters related to specific molecular pathways or functions, such as those 225 corresponding to rRNAs or biofilm proteins. We have also outlined two use-cases for the 226 data provided and have shown the accuracy of both approaches either experimentally or 227 using existing data. Additionally, we have included relevant network files as well as raw 228 read counts across RNA-seq conditions (Supp. Data S1-2 & Supp. Table S2) 
Materials and Methods 294
Data Collection and Processing 295
All RNA and ChIP sequencing data were downloaded from the Sequence Read Archive 296 (SRA)(64) and converted to compressed fastq files using the SRA toolkit 297 (https://www.ncbi.nlm.nih.gov/sra/docs/toolkitsoft/) (see Table S1 for details onincluded experiments). RNA-seq samples were selected by searching the SRA on Sept 10 th , 299 2019 for the Organism and Strategy terms "vibrio cholerae" and "rna seq" respectively, 300 resulting in 326 initial samples including the 34 novel samples from this publication 301 (PRJNA601792). Samples were mapped to a recently inferred V. cholerae transcriptome 302 derived from the N16961 reference genome (1, 13) using Kallisto version 0.45.1 (65). This 303 reference was chosen because the majority (293) of samples were collected from strains 304 N16961 or the closely related C6706 and A1552. 26 low quality samples with < 50% of 305 reads mapping to the reference transcriptome were discarded before further analysis, 306 leaving 300 samples used for further analysis. 307
For ChIP-seq analysis, accession numbers were identified via the relevant publications 308 (12, 19, 35) and sequences were downloaded from SRA and converted to fastq files as 309 above. Raw reads were mapped to the same N16961 reference genome using Bowtie 2 310 version 2.3.5.1 (66). From this mapping, peaks were identified using MACS2 version 2.1.2 311 with an extsize of 225 (various sizes from 150 to 500 were tested with little observable 312 difference in peaks identified) (67) and differential binding and significance were 313 calculated using DiffBind version 2.12.0 (68). 314
Processed Tn-seq data were collected directly from published datasets. In vitro 315 essentiality and semi-essentiality labels were derived from Chao et al. 2013 Table S1 (29),  316 with the original labels of domain essential and sick genes replaced with essential and 317 semi-essential respectively. We used Table S2 from Fu, Waldor, and Mekalanos 2013 (14) 318 to label genes involved in host infection, with any gene exhibiting a log2 fold change less 319 than negative three deemed essential and any gene with a log2 fold change between 320 negative one and negative three deemed semi-essential. 
Network Construction
